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[Patent application] 
Method of matching a vehicle wheel 

[Description] 

5 The invention concerns a method of matching a vehicle wheel having 

a pneumatic tyre mounted on a rim, in which the tyre and the rim are 
rotated relative to each other in dependence on non-uniformities. 

A method of that kind is known from 'Werkstatt und Betrieb' 1970, 
pages 183 - 188. The known method involves ascertaining a highest point 

10 in terms of the runout of the tyre and a lowest point in terms of the runout 
of the rim, or vice-versa. By rotating the tyre with respect to the rim 
(matching), those non-uniformities at the vehicle wheel are minimised or 
cancelled relative to each other, for example by the highest point in respect 
of the runout of the tyre being moved to a position at the lowest point in 

15 respect of the runout of the rim. 

Smoothness of operational rotation of a vehicle wheel, in particular a 
motor vehicle wheel, when the vehicle is moving along, is not only 
influenced by forces which result from geometrical non-uniformities of the 
wheel component parts, but in particular also by centrifugal forces which 

20 result from a wheel unbalance. It is admittedly known for such unbalance 
effects to be compensated by a mass equalisation procedure, for example 
by fixing balancing weights to the motor vehicle wheel, but that does not 
involve taking account of the forces which result from the above-mentioned 
geometrical non-uniformities at the wheel component parts. 

25 Therefore the object of the invention is to provide a method of the 

kind set forth in the opening part of this specification, which provides for an 
improvement in the smoothness with which the motor vehicle wheel runs in 
operation thereof on the vehicle. 

In accordance with the invention that object is attained by the 

30 characterising features of claim 1. 

The invention provides that on the tyre and the rim geometrical 
deviation data which are deviations of the tyre and the rim from the 
geometrical reference or target data are ascertained and an unbalance 
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measuring operation is executed. In those measuring operations in respect 
of the geometrical deviation data (runouts) and the unbalance measuring 
operation, the tyre is in a given rotary angle position on the rim. Those 
measuring operations are preferably carried out at the same time. In that 
5 situation, use is made of the fact that the wheel is caused to rotate during 
the unbalance measuring operation and the geometrical deviation data 
from the geometrical reference data are ascertained during those rotary 
movements of the wheel. The operations for measuring the geometrical 
deviation data and the unbalance can however also be performed in 

10 succession in respect of time. 

The geometrical deviation data substantially involve radial and/or 
lateral runouts of the tyre and the rim. Those geometrical deviation data 
are ascertained with simultaneous measurement with the unbalance 
measuring operation, in a contactless manner, for example by means of 

15 ultrasound, or by means of capacitive sensors, or preferably by optical 
scanning of the vehicle wheel, for example by means of an apparatus as is 
known from EP-A-1 174 698. An optical triangulation method is preferred in 
that respect. 

Following those measuring operations in respect of the geometrical 
20 deviation data and the unbalance, the tyre is moved on the rim into a 
second rotary angle position in which a force vector sum resulting from the 
measured deviation data and the measured wheel unbalance and formed in 
an electronic computer is minimised. 

In simplified form that vector sum can be written as follows: 

25 F=a r S t +a 2 Sr+a3-Ut+a4'Ur 
Therein: 

S t denotes a force component resulting from the runout of the tyre, 
S r denotes a force component resulting from the runout of the rim, 
U t denotes a force component resulting from the unbalance of the 
30 tyre, and 

U r denotes a force component resulting from the unbalance of the 
rim. 
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The force components resulting from the runouts of the tyre and the 
rim depend on the respective weight of the tyre and the rim. The forces 
resulting from the unbalance of the tyre and the unbalance of the rim can 
be measured in conventional manner in the form of centrifugal forces on a 
5 wheel balancing machine. Preferably the two forces resulting from the 
unbalance of the tyre and the unbalance of the rim are measured in total as 
the wheel unbalance. However those forces can also be determined 
separately by suitable measurement procedures. In that respect, for 
measuring the tyre unbalance, the tyre can be mounted on a balanced rim 

10 which is provided at the balancing machine. When performing the operation 
for measuring the unbalance of the rim, the rim can be measured without a 
tyre on the balancing machine. 

The individual summands of the above-indicated vector sum include 
directions, in particular rotary angle positions about the axis of rotation of 

15 the vehicle wheel. By altering the rotary angle positions of the individual 
summands of the above-identified vector sum relative to each other it is 
possible to achieve minimisation of the vector sum F by means of numerical 
methods, for example Brent's method, bisection, constrained optimization 
etc. That provides for calculation of a rotational angle (matching angle) 

20 through which the tyre is to be rotated with respect to the rim into the 
second position. '* " 

In the present application the term 'rim' is used to denote the part of 
the wheel which comprises metal, in particular aluminium, steel or another 
alloy. That part of the rim includes the peripherally extending rim bed in 

25 which the tyre is arranged, and the wheel disc portion which is within the 
peripherally extending rim bed. That wheel disc portion can be apertured or 
non-apertured or it can also be formed from spokes. 

In the present application the term 'tyre' denotes a pneumatic tyre 
which is air-tightly mounted in the rim bed of the above-defined rim. In 

30 operational use and in regard to the measuring operations to be carried 
out, the tyre is filled with air at the normal operating pressure. 

The individual summands of the above-identified force vector sum F 
represent force components of the vector sum. The summands of the 
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vector sum can include weighting factors al, a2, a3 and a4. Those 
weighting factors can be selected in dependence on the type of wheel. In 
this respect, depending on the type of wheel, it is possible to establish a 
weighting of the force components resulting from the unbalances, in 
5 relation to the force components resulting from the geometrical deviation 
data. In addition the proportions of the force components which are 
determined by the tyre, with respect to the force components which are 
determined by the rim, can be taken into account in respect of their 
influence, by virtue of the weighting. If for example the type of wheel 

10 involved is one in which the rim has no or only minimum tolerances in 
respect of the distribution of mass about the axis of the wheel and in 
respect of the geometrical deviations, the weighting factors associated with 
the rim will be kept low in relation to the weighting factors in respect of the 
tyre. In addition, in regard to establishing the magnitude of the weighting 

15 factors, the weight of the rim (steel rim or light metal rim) and the weight 
of the tyre can be taken into account in that magnitude-determining 
procedure. In addition the weighting factors can be established in 
dependence on the demands which are made on the running characteristics 
of the wheel by the vehicle manufacturer or the user of the vehicle. It is 

20 also possible to take account of the nature of the suspension with which the 
wheel is mounted to the vehicle. In general terms the weighting factors 
which establish the percentage proportions of the weightings of the 
individual summands in the vector sum are established empirically for 
respective types of wheel and respective groups of wheel types. 

25 In order to establish whether the residual unbalance of the vehicle 

wheel is within the prescribed tolerance after the matching operation, that 
is to say after rotation into the second rotary angle position on the rim, a 
further unbalance measuring operation is carried out on the vehicle wheel. 
Then, depending on the ascertained unbalance, unbalance compensation is 

30 effected on the vehicle wheel in known manner, for example by means of 
balancing weights. 

The unbalance measuring operations may involve static or dynamic 
unbalance measuring operations, in which respect unbalance compensation 


can be effected statically or dynamically depending on the respective type 
of wheel. 

For the improvement of the smoothness with which a motor vehicle runs, 
the geometrical deviations and the unbalances of a set of the four tyres and 
rims of the motor vehicle are measured and the four tyres and rims of said 
set are assembled such that the above explained vector sum for each 
vehicle wheel is minimized. 
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CLAIMS 

1. A method of matching a vehicle wheel having a pneumatic tyre 
mounted on a rim, in which the tyre and the rim are rotated relative to 
each other in dependence on non-uniformities, characterised in that on the 
tyre and the rim geometrical deviation data which are deviations from 
geometrical reference data of the tyre and the rim are ascertained and an 
unbalance measuring operation is carried out, wherein in the operation of 
measuring the geometrical deviation data and the unbalance measuring 
operation the tyre is in a first position on the rim and that the tyre is then 
rotated on the rim into a second position in which a force vector sum 
resulting from the geometrical deviation data In respect of the tyre and the 
rim and the wheel unbalance and formed by a computer is minimised. * 

2. A method according to claim 1 characterised in that 
simultaneously with the measuring operation in respect of the wheel 
unbalance the geometrical deviations at the tyre and at the rim are 
measured contactlessly with the wheel rotating. 

3. A method according to claim 1 or claim 2 characterised in that to 
ascertain the geometrical deviation data of the tyre and the rim the 
rotating wheel is scanned optically and in particular by means of an optical 
triangulation method. 

4. A method according to claim 1 characterised in that the 
geometrical deviation data of the tyre and the wheel and the wheel 
unbalance are measured in succession in respect of time on the rotating 
wheel. 

5. A method according to one of claims 1 to 4 characterised in that 
given weightings are associated with the summands of the vector sum. 
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6. A method according to one of claims 1 to 5 characterised in that 
the weightings are set in dependence on the type of wheel. 

7. A method according to one of claims 1 to 6 characterised in that 
the unbalance of the tyre and the unbalance of the rim are ascertained as 
separate unbalances in respect of magnitude and angular position, 

8. A method according to one of claims 1 to 7 characterised in that 
after rotation of the tyre into the second position on the rim the wheel 
unbalance is measured again and unbalance compensation is implemented 
in dependence on that measured unbalance on the vehicle wheel. 

9. A method according to one of claims 1 to 8, characterised in that 
the geometrical deviations and the unbalances of a set of four tyres and 
rims are measured and the four tyres and rims of said set are assembled 
such that said resulting vector sum for each vehicle wheel is minimized. 
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[Abstract] 

A method of matching a vehicle wheel in which geometrical deviation 
data and an unbalance are measured on the tyre and on the rim, wherein 
the tyre and the rim are in a first position and the tyre is rotated on the rim 
into a second position in which a force vector sum resulting from the 
geometrical deviation data of the tyre on the rim and the wheel unbalance 
and formed in a computer is minimised. 
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